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(54) Title: DISTRIBUTOR ELEMENT 



(57) Abstract: 



To distribute fluids as finely as possible and with low pressure loss 
by means of a distributor elemait with a distributing body, the distrib- 
uting body is made of a matmal (56) provided with pores connected to 
a diannel system. The channel system is formed by the outer delimit- 
ing surfeces of clusto-s, vrfiich consist in turn of particles, and connects 
the inlet surfece with the outlet surface of the distributing body. Dis- 
tributing surfeces (2) that distribute the fluid in the distributing body 
before the fluid enters and flows throu^ flie distributing body are ar- 
ranged in the distributing body. 
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DISTRIBUTOR ELEMENT 



The invention pertains to a distributor element for distributing fluids according to 
the introductory clause of Claim 1 . 

The distribution of fluids is playing a role of ever-increasing importance in mod- 
em engineering and is contributing ever more frequently to the solution of outstanding 
problems. The distribution of fluids is important when, for example, the goal is to 
bring about mass exchange between a gas and a liquid or to perform a chemical reac- 
tion. The distribution of fluids also plays a role when the goal is to conduct a gas or a 
liquid from a pipelme to a place where work is to be performed or where, in very gen- 
eral terms, an effect is to be achieved. 

The known gas injection elements are examples of these types of distributor ele- 
ments, where distribution processes of this kind take place. They consist, for example, 
of 2-dimensional distributor elements, one side of which is supplied with gas, whereas 
the other side is wetted by a liquid. Membranes through which extremely small slits 
extend and porous materials with channels and voids, through which the gas is forced, 
so that it emerges on the wetted side against the pressure of the liquid, are known ex- 
amples of distributor elements. Known porous materials include, for example, ce- 
ramic materials, suitered materials, bodies of quartz sand bonded with epoxy resin, and 
similar materials consisting of granular material. In these materials, the individual 
grams are either welded together as in the case of sintered metal or joined together by 
an adhesive. If the material is not too severely compacted, it can have systems of con- 
tinuous voids, which open out to the surfaces and thus form channels for the gas. In 
the case of the ceramic materials, we have a structure made of a con:q)act material 
which has both pores and voids. Such ceranwc materials are designed m the form of 
plates or cylinders. 

A disadvantage of these knovm gas injection elements is that the channels extend- 
ing through the material often do not have very fine cross sections, which means that 
the gas, upon emerging from the wetted surface, forms relatively large bubbles, which 
then rise relatively quickly up through the liquid. The mass exchange is thus relatively 
good at the surface of the gas injection element, but it tends to be rather poor in the 
zones a certain distance away from the element. 

The standard air cushion element can be considered another example of a distribu- 
tor element of this type. In the typical case, such an element has one or more nozzles 
or other actuating means and outlet means for the air. These means are arranged adja- 
cent to one another and are directed toward a space, which is closed on all sides. One 
side of this space is formed by the surface, such as a floor, against which the air cush- 
ion element is to be supported. The other sides of this space are usually defined by an 
enclosure element made of rubber. 
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A disadvantage of these types of air cushion elements is that their nozzles or other 
actuating means must be followed by a space in which the air can distribute itself 
sideways or parallel to the floor, so that a continuous air cushion element of a certain 
width can be created. This means that such conventional air cushion elements are 
quite tall, and they are often constructed out of a relatively large number of compo- 
nents such as nozzles, which much also be febricated individually. The enclosure 
elements, however, are relatively expensive and vubierable to damage and are also 
subject to aging processes. 

It is now the task of the invention to create a distributor element and a process for 
the production of a distributor element which does not suffer from the disadvantages 
indicated above, which has an especially simple design, which is easy to produce, and 
which results in a better, finer distribution of the fluid. 

This is accomplished according to the invention in that the distributor element is 
fabricated out of a material which has a system of channels, which distribute the fluid 
in a much finer way. This is achieved in that the material consists not of individual 
particles but rather of clusters or agglomerates, which form the walls of the channels 
of the channel system. Because the clusters consist of granular material, bonded to 
each other by a binder, it is possible to control the formation (quantity and arrange- 
ment) of the clusters during the production of the material itself and thus also to exert 
an effect on the channels to thus ensure that optimum conditions are created for the 
distribution of the fluid. 

If the distributor element is to be used to inject a gas into a liquid, the structure of 
the element also means that the individual bubbles which grow out of its pores can be 
kept very small. They then rise very slowly and thus promote the mass exchange even 
at some distance from the pores out of which they have emerged. Thus the entire vol- 
ume of liquid can be treat^ with the gas, and oxygen, for exan^le, can be injected 
into wastewater at a very high rate per energy unit expended. According to the inven- 
tion, it is possible to design gas injection elements of this type in the form of plates 
and to use both the upper and the lower sur&ces for gas mjectioa 

The work of the distributor element is performed in an especially effective man- 
ner when the routes between the surface at which the gas enters and the surface at 
which the gas emerges are not unnecessarily long. This can be achieved by providing 
a suitable arrangement of gas distribution channels in the distributor element. By de- 
creasing the length the distribution routes, it is also possible to reduce the pressure 
drop in the distributor element. 

It is advantageous for these distribution channels to be formed by elements which 
act as parts of the casting mold during the casting process by which the distributor ele- 
ments are produced. These elements can act, for example, as casting cores in the 
known manner. Thus there is no need to subject the cast distributor element to any 
later processing work. 
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If the purpose of the distributor element is, for example, to produce an air cushion 
between the distributor element and a base surface so that loads can be lifted, for ex- 
an^le, the fluid, i.e., air in this case, emerges from a very large number of pores or 
nozzles on a surface, so that a layer of fluid, which lifts the surface, is formed between 
the surface and the base surface. 

If forces are to be exerted by the emerging fluid, the advantage of the distributor 
element according to the invention is that these forces start to build up as soon as the 
fluid emerges from the pores; and because the material in which the pores are carried 
forms a solid, rigid body, the fluid is also directly supported on the surfece of this 
body, in the areas next to the individual pores. This means that the layer of fluid can 
be very thin, and it also means that no special measures must be taken to prevent the 
fluid from escaping toward the side, since the surfece area is very large in comparison 
with the depth of the fluid layer. Thus only a very small amoxmt of fluid can flow 
away toward the sides. Other advantages are to be found in the ease with which the 
element can be produced and maintained. Because the channels which distribute the 
fluid have extremely small cross sections, they also have little tendency to clog, espe- 
cially when the material apt to clog them comes from the outside. As a result, these 
distributor elements have longer service Uves. No special cleaning methods are re- 
quired. In addition, distributor elements of this type can be cast directly, or they can 
be produced by the fiirther processing of a semi-finished product such as precast mate- 
rial 

The invention is e)q)lained in greater detail below on the basis of an example, 
which is described with reference of the figures, where: 

- Figure 1 shows a cross section through a distributor element according to the 
invention; 

- Figure 2 shows a longitudinal cross section through the same distributor ele- 
ment; 

- Figure 3 shows a detail of this element; 

- Figures 4 and 5 show additional embodiments; 

- Figures 6 and 7 show schematic structural and fiinctional diagrams; 

- Figure 8 shows a device for the production of a distributor element of this type; 

- Figure 9 shows another device; and 

- Figure 10 shows another device for the production of a distributor element. 

Figure 1 shows a cross section of a gas injection element 1 along line A- A of Fig- 
ure 2 in the form of a distributor element with a distributing body in the shape of a flat 
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cylinder. A spiral-shaped distributing channel 2 is provided inside it; one end 3 of this 
channel is open to the outside, whereas the other end 4 is sealed oflF. The surface of 
this channel forms an entry surface for the gas. 

The turns 5, 6, etc., of the distributing channel 2 are fixed in position with respect 
to each other by a spacer 7, which is shown in broken Une. This positioning is espe- 
cially important with respect to the production process. Additional spacers 8, 9, and 
10 are also provided. The gas injection element 1 consists otherwise of a material 56, 
as described in conjunction with Figures 6 and 7. It is also possible to lead the end 4 
back to the end 3 to obtain a continuous distributing channel 2. 

Figxire 2 shows the gas injection element of Figure 1 in cross section along line B- 
B. Here we can see the open end 3, the turns 5, 6 of the distribution channel 2, and the 
spacers 7 and 10, which here are designed by way of exan^le as sheet metal parts 
bent into a wavy sh^. Other designs, of course, are also conceivable but are not 
shown here. The end 3 is firmly attached by way of a flange 1 1 to the actual gas injec- 
tion element 1. 

Figure 3 shows a section 12 of the distributing channel 2 of Figures 1 and 2, Le., 
the part which does not consist of the material 56 (Figure 1) but which is surrounded 
by such material. These sections are therefore inserted into the distribution body. 
This section consists of a hose-Uke filter element 13 with pores 15 and of a support 
spiral 14, The filter element 13 consists preferably of a porous febric, such as a febric 
made of glass fibers. 

Figure 4 shows another example of a distributor element 16 without distributing 
channels, but preferably with a distribution space 17, by which it is connected to, for 
example, a gas feed line 1 8. If the gas is to emerge only fi-om certain surfeces such as 
from the top surfece 19, the other surfaces are sealed off by sealing means 20. Sealing 
means 20 can consist, for example, of a layer of paint or lacquer or of some other coat- 
ing material. 

Figure 5 shows another example of a distributor element 21, consisting of an up- 
per part 22 made of material provided with channels. In this upper part, distribution 
channels 23 are provided, the walls 24, 25 of which can be lined with, for example, 
fabric. The distributing channels 23 are connected by connecting channels 26 to a 
main channel 27, which is connected to a fluid feed line 28. The distributing channels 
23, which are open at one end, the connecting channels 26, and the entire upper part 22 
are closed off on one side by a cover 29, which, if it is not needed to help with the dis- 
tribution, can also consist of any other desired material. It is advantageous for it to be 
detachably connected to the upper part in a manner known in and of itself and there- 
fore not shown specifically here, so that it can be removed to allow the channels to be 
cleaned. 

Figure 6 shows a schematic diagram of a distributor element 30 made of the mate- 
rial which has already been described above and which will be described in even 
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greater detail below. An entry surface 31 for the fluid has been provided on this ele- 
ment. This entry surfece 3 1 could, for exan^le, correspond to the cross section of a 
pipe set in place there, to which the fluid is supplied. Channels, which can take very 
complicated paths, are present in the material. These channels open out at one end at 
the entry surface 31, whereas they open out at the other end at the other surfeces 37, 
38, 39, 40. A limited selection of these chaimels is designated by the reference num- 
bers 32, 33, 34, 35, and 36. It must be kept in mind that these channels can also have 
sections 41 or 42, which do not agree with the general direction of the fluid flow, but 
which instead extend crosswise or opposite to that general direction. This direction is 
indicated here, for example, by the arrow 43. Thus the fluid can also be conducted 
back to the surfece 37 at which it entered. The exit surfeces 37, 38, 39, 40 for the fluid 
are in this case many times larger than the entry surface 31, which is also true of the 
design according to Figure 1 . Thus the fluid flow slows down as it proceeds toward 
the outlet, which also helps reduce the pressure diop. 

Figure 7 shows in schematic fashion the structure of the material out of which the 
distributor element is made. Here we can see the individual clusters 44 and the indi- 
vidual grains or particles 45 of which each cluster 44 consists. A material of this type 
is ah^y known from European Patent Application No. 0,486,421, in which the pro- 
duction of the material is also described. The individual clusters are conposed of par- 
ticles, which are joined to each other by a first binder, and the clusters themselves are 
joined to each other by a second binder. It is also possible to see channels 46, the 
boundaries of which are formed by the clusters 44. The outer boundary surfaces 61 of 
the clusters form the outer boundaries of the channels 46. 

Figure 8 shows schematically a part of a device 50, in which a distributor element 
5 1 of this type can be produced. First, a casting mold 52, which is open on one side, a 
distribution channel system 53, and the starting material are prepared. The inside sur- 
faces 60 of the casting mold define the potential entry and exit surfeces of the distribu- 
tor element. The starting material consists of a granulate, which is con^sed of parti- 
cles and a first binder, which have been pretreated in such a way that they form clus- 
ters. A portion of the starting material 54, consisting of clusters, is loaded into the 
casting mold 52 first. Then the distribution channel system 53 is placed in the mold, 
so that it now rests on the previously loaded starting material 54. The material 54 can 
be lightly precon^acted, if desired. Then the remainder of the material 54 is added 
and distributed sufficiently to prevent the occurrence of large cavities, especially be- 
tween the turns 5, 6, etc. Then a cover or a pressure plate 55 is placed on top, and the 
entire assembly is simultaneously compacted and heated in a press. As this is happen- 
ing, the second binder cures, and a hard material of the previously described type is 
obtained. After cooling, the distributor element can be lifted out of the mold. Any 
projections which may have formed during casting are preferably broken off. For this 
reason, such operations should be done only on surfaces which are not intended as en- 
try or exit surfaces for the fluid. This applies at least to cases in which the distributor 
element will be used, for example, for injecting gas into a liquid. It should be pointed 
out that the inside surfaces of the distribution channel system 53 also define entry sur- 
faces of the distributor element. 
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The distributor element for the injection of a gas into a hquid as shown in Figures 
1 and 2 and produced in the manner described above operates in the following way. 
Through the open end 3, gas, for exanq)le, is introduced into the distributing channel 
2, and this gas then enters into the material 56 over the entire surface of the distribut- 
ing channel 2. Once in the material, the gas seeks a way to the surface 57 through the 
channels present in the material 56 as mentioned above. At the surface, it emerges 
through pores 58 (Figure 7). Bubbles form under the effect of the surface tension of 
the liquid into which the gas is entering. These bubbles then grow, stabilize, or sepa- 
rate and ascend after a sufficient amount of fluid has been supplied to them, A con- 
tinuous mass-exchange takes place between the gas and the liquid. 

Dirt in the distribution channel can be blown out periodically. For this purpose, a 
closable opening 59 can also be provided afterwards. Of course, the distribution chan- 
nels can also be laid out according to a diflferent pattern. The fewer the channels with 
dead ends, however, the easier it is to clean them. 

This arrangement of the distribution channels has the advantage that the routes 
traveled by the gas through the material are not unnecessarily long, with the result that 
there is not an excessive drop in the pressure. For normal applications such as in a 
clarification plant, it can be assumed that the pressure drop will be about 0. 1 bar. In 
addition, the gas injection element can either be surrounded con^letely, that is, on all 
sides, by the liquid, or arranged in a battery, that is, directly adjacent to other, similar 
elements. The injection element forms in all cases a self-supporting "block", which 
means that it has enough mtrmsic rigidity that it does not need to have any other 
means of support. Even a relatively thin piece of the material is quite effective in dis- 
tributing the gas. 

Figure 9 shows another embodiment of a distributor element, the design of which 
is more suitable for allowing a fluid such a air to emerge from an end sur&ce 65, so 
that an air cushion 67 is formed between a base 66 and the end surface 65. The air 
cushion then lifts the distributor element 68 from the base against the force of gravity. 
The distributor element 68 has essentially the same structure as that previously de- 
scribed, but here it is enclosed by a rigid housing 69, which is open toward the end 
surface 67, The distributing body 70 and the housing 69 together form the end surfece 
65. It is also conceivable, however, that the housing 69 could project very slightly, as 
can be seen at the point designated 71, to enclose the layer of air around the sides. Be- 
cause the air feed 72 is located on the side in this case, a distributor element of this 
type can be very thin. Its height, however, is already very limited simply because of 
the properties of the material out of which the distributing body is made. 

Additional steps in the process can be seen in Figure 10; these steps are important 
when, for exanq)le, a distributor element according to the invention is used as a liftmg 
device. The hfting of an object can be acconq)lished by drawing the object toward, or 
pushing it away from, the distributor element. The housmg 69 described above also 
serves as a casting mold. The distributing body 70 is cast as previously described. 
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After the hot-pressing step, both the housing 69 and the distributing body 70 can be 
cut off along a line 73 by a machining process known in and of itself such as a process 
suitable for metal to create the end surface. Then a bore 74, which leads to a distribu- 
tion channel 75, can be provided to establish a connection for the fluid. Here again, 
spacers are provided between the individual sections of the distributing channel 75. 
These are not shown specifically here, however, for the sake of simplicity. 

The material of which the distributing body consists can be built up in many dif- 
ferent ways. Especially suitable are particles of metal or metal oxides, especially par- 
ticles based on aluminum such as aluminum itself, aluminum alloys, and aluminum 
oxide. Mineral materials can also be used as particles. Binders of epoxy resin have 
been found to give especially good results. It is preferable for most of the particles to 
have a uniform size in the range of 46-160 ^im. 

The porosity and the process of channel formation itself can be influenced by the 
duration of the mfadng process used to combine the particles and the binder, this being 
the process during which the clusters are formed. The type of nuxing process used 
also exerts an effect. Stretching and folding the mass is an especially favorable way to • 
mbc the conq)onents. 

The distributor element for fluid according to the invention can thus serve various 
purposes. As described above, it can be used to introduce a first fluid into a second 
fluid, to mix two fluids, etc. It can also be used to build up forces such as suction 
forces or con^ressive forces and thus serve as a support element, or it can be used to 
raise loads without the occurrence of any static friction or sliding friction between 
solid bodies. In the same way, therefore, it is also possible to influence the friction 
between a fluid and the surfece against which the fluid is flowing by designing the ex- 
posed sur&ce as a distributing body. The fluid emerging from the distributing body 
forms a boundary layer, which controls or reduces the resistance which the arriving 
fluid experiences at this exposed surfece. Such distributor elements can also be used 
to distribute hot air or steam and thus not only to distribute the substances themselves 
but also primarily to distribute the associated physical variables or properties such as 
precisely the heat, thermal capacity, etc., of the those substances. For example, steam 
from a steam line can be distributed by elements of this type in such a way that the 
steam is distributed over a wide area. Thus large surfeces and even non-contiguous 
surfeces separated by edges can be heated uniformly, or uniform heat transfer can be 
acWeved at a surfece of this type. Thus additional applications within this framework 
which are not described specifically here but which nevertheless belong to the inven- 
tion are also readily conceivable. 
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CLAIMS 



L Distributor element for distributing fluids, characterized by a solid distributing 
body (30) with an entry surface (31) and an exit surface (37, 38, 39, 40), which 
body consists of a material with pores (58) in its surfece, this surface forming the 
exit surface for the fluid, which body also has a channel system (32, 33, 34, 35, 
36), which is formed by the external boundary surfaces of clusters (44) of particles 
(45), the channels being connected to the entry surface and to the exit surface. 

2. Distributor element according to Claim 1, characterized in that the exit surface (37, 
38, 39, 40) is many times larger than the entry surface (31). 

3. Distributor element according to Claim 1, characterized in that the entry surface (2, 

17) is located inside the distributing body. 

4. Distributor element according to Claim 3, characterized in that the distributing sxir- 
face (2) extends along a spiral path. 

5. Distributor element according to Claim 1, characterized in that the entry surface is 
provided with a filter element (13). 

6. Distributor element according to Claim 1, characterized in that the entry surfeces 
and the exit surfaces are unmachined. 

7. Distributor element according to Claim 1, characterized in that the distributing 
body is rigid and self-supporting. 

8. Distributor element according to Claim 1, characterized in that it is used to intro- 
duce gases into liquids. 

9. Distributor element according to Claim 1, characterized in that it is designed as a 
suction element for drawing and holding objects. 

10. Distributor element according to Claim 1, characterized in that it is designed as a 
means for lifting loads. 

1 1 . Distributor element according to Claim 1, characterized in that it designed in the 
form of a plate, is provided with exit surfaces above and below, and is designed to 
inject gases into liquids. 

12. Process for the production of a distributor element for a fluid, characterized in that 
the entry and exit surfaces (60) for the fluid, which surfaces form the boundaries of 
a casting space, are selected; in that clusters (44) consisting of granular material 
(45) and a first binder are formed outside the casting space; in that the clusters are 
then mixed with a second binder and loaded into the casting space; and in that the 



10 



clusters are pressed and heated in the casting space, so that a solid material with 
channels between the clusters is formed in the casting space. 

13. Process according to Claim 12, characterized in that, first, the casting space con- 
sists only of the exit surface; in that a portion of the clusters and a portion of the 
second binder are loaded into the casting space; in that the entry surface is intro- 
duced into the casting space to act as a core; and in that finally the remainder of the 
clusters and the rest of the second bmder are loaded into the casting space. 

14. Process according to Claim 12, characterized in that the boundaries of the entry 
and exit surfeces are formed by machining the surfaces provided for this purpose. 

15. Process according to Claim 11, characterized in that a casting mold for a distribut- 
ing body is produced; m that the casting mold is then also used as a housing for the 
distributing body; and in that a common surfece (65) of the housing and of the dis- 
tributmg body is produced by the joint machinmg of the distributing body and the 
housing along the common surfece, 

16. Process according to Claim 11, characterized in that a casting mold for a distribut- 
ing body is produced; in that the casting mold is then also used as a housing for the 
distributing body; and in that a common surfece of the housing and of the distribut- 
ing body is produced by the machining of the distributmg body along the common 
surfece. 
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